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ABSTRACT 
In the fast-paced lifestyle of modern-day society, people often feel 
overwhelmed by their list of things to do. It is no surprise then that a lot of people 
claim that they have "no time" to exercise. Two short-duration programs-circuit 
training and high intensity interval training-seem to be the answer to this issue, 
and this report investigates each program to see if one is more beneficial than 
the other in regards to population health. Factors taken into consideration for this 
comparison include cardiovascular responses, metabolic responses, and 
psychological factors. 
Research was gathered through PubMed, Web of Knowledge, and 
interviews with certified physical trainers to reach an evidence-based conclusion 
on whether circuit training or high intensity interval training was more beneficial. 
The Published Data section presents relevant data from the scientific literature in 
The Effects of Circuits & High Intensity Interval Training on the Cardiovascular 
iii 
System, The Effects of Circuits & High Intensity Interval Training on Body 
Metabolism, and Psychological Changes Associated with Circuits & High 
Intensity Interval Training, and is presented by first detailing methodological data, 
followed by the study's findings. The implications of the results, along with any 
possible extraneous factors, will be evaluated in the Discussion section. 
Studies pertaining to circuit training and high intensity interval training 
have shown a strong correlation with improved cardiovascular fitness. Both 
circuit training and high intensity interval training lead to an increase in maximum 
oxygen consumption ( V o2max) . A decreased resting heart rate resulting from 
circuit training and an increased time to reach maximal heart rate during exercise 
resulting from high intensity interval training indicate a stronger pumping capacity 
and are additional markers of cardiovascular fitness. 
Additionally, both modes of exercise show a strong correlation with 
increased body metabolism, such as having a positive influence on decreasing 
body fat. The effects of the exercise following the programs are important as well. 
The metabolic rate may be influenced for a span of hours post-exercise, and 
moreover, increased protein synthesis leads to other physiological factors (see 
Carraro et al. , 1990; Phillips et al., 1997). 
iv 
Following a circuit or high intensity interval training regime influences 
psychological factors as well. According to several surveys, a person's body 
image, job satisfaction, and stress levels significantly improve following circuits or 
high intensity interval training. Furthermore, the physical changes that occur are 
most likely a large contributing factor to a person's mood and attitude towards 
circuits or high intensity interval training. 
Current available research does not allow for this report to make 
substantial claims as to whether circuit training or high intensity interval training is 
more beneficial; in regards to the parameters examined, both programs are 
significantly better than no program and are equivalent to, if not slightly better 
than conventional aerobic or resistance training. When looking at how feasible 
the programs are when applied to the general population in addition to the 
physiological factors, circuit training may be slightly better. However, future 
research with a more direct approach is needed. Considering the flaws of the 
previous studies examined, future research should incorporate greater sample 
sizes, greater randomization, a blinded approach, and control groups. Longer 
term research should also be considered to follow up on the preventative effects 
of circuits and high intensity interval training on disease. 
v 
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INTRODUCTION 
1.1 I Progression of Physical Exercise and its benefits 
Physical exertion has been performed by humans since the beginning of 
time, whether it was intentional, such as running away from predators, or 
unintentional. Physical activity for the purposes of health can be dated back to 
the ancient Greeks and Pythagorean philosophy, which "regarded the health of 
the soul as something analogous to the health of the body" (Burnet, 1914 ). They 
believed that health was when the body was at a state of peace, or "calm" 
(Burnet, 1914). 
The reoccurrence of this interest on physical activity for health did not 
occur until much later, in the nineteenth century, when Austin Flint Jr. and August 
Krogh started researching and publishing their work regarding physical health 
and exercise. In one of his publications, Flint stressed how exercise, as a part of 
a healthy lifestyle, is a critical component of curing normal ailments (Flint, 1873). 
Other key events responsible for bringing attention to the benefits of physical 
exercise were the reinstatement of the Olympic Games, and the active 
promotional efforts of fitness and nutritional expert Francois Henri Lalanne, or 
Jack Lalanne. Lalanne played an integral part in the advent of what is now 
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known as modern physical training and has even been given the title of "the 
godfather of fitness" (Luther, 2011 ). 
Since Lalanne, the exercise industry has blossomed and conventional 
exercise is generally seen in two different major forms: aerobic training and 
resistance training. Historically, men aim for increased muscle mass and tend to 
focus on weight training, or resistance training; whereas women aim for overall 
muscle tone and weight loss and they tend to focus on cardia, or aerobic training. 
For the purposes of this paper, conventional resistance training is defined 
as a select number of exercises specific to one area of the body, performed with 
rotating target body regions throughout the week. There is a rest period between 
each set, and the weight is generally increased between each set. An example of 
a typical weight-training program is given in Table 1. The decrease in repetition 
after each set may be indicative of an increase in weight load per set. It is 
important to note that other programs may not have a set repetition number but 
continue to fatigue. Aerobic training for the purposes of this paper is defined as 
low to moderate intensity continuous physical activity, which may be performed 
on equipment such as a treadmill. 
2 
Table 1: Conventional Resistance Training. 
This table gives a short two-day overview of a classic resistance training program. Exercise(s) are 
listed under each day they are to be performed along with the number of sets, repetitions , and 
any possible training notes. 
*In terms of training , a superset is defined as performing a second exercise immediately following 
the main, or first, exercise. 
Table amended from MuscleandStrength .com (Lawrenson, 2012). 
I Monday - Shoulders and Triceps 
Shoulders 
Exercise Sets 
Military Press 4 
Reps 
8, 6, 4, 2 
The last set should be *supersetted with side laterals (10-15 reps). You can also replace this 
exercise with seated barbell press. 
Triceps 
Exercise Sets Reps 
Lying Tricep Extension 4 8,6, 4,2 
4 sets with the last set su persetted with tricep push down for 1 0-15 reps . 
Notes 
None 
I Tuesday - Back 
Back 
Exercise 
Bent Over Barbell Row 
Sets Reps 
4 8, 6, 4, 2 
Make sure you keep a wide grip. The last set should be a superset with wide grip pull down (10 
to 15 reps) 
Notes 
None 
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The benefits of exercise and health have been well documented. In 
addition to helping to build strength and flexibility, exercise has many positive 
correlations with disease prevention as well. Chronic diseases that are positively 
influenced by exercise include obesity, hypertension, osteoporosis, osteoarthritis, 
and depression (Warburton, 2006). 
Being strongly correlated to obesity, it follows that many people with Non-
Insulin-Dependent Diabetes Mellitus (NIDDM), also known as Diabetes Type 
Two, experience the benefits of exercise as well; in a study performed by 
Helmrich et al., the incidence of 
"NIDDM was reduced by 6 percent for every increment of 500 kcal 
per week in leisure-time physical activity" (Helm rich et al., 1991 ). 
Exercise has also been recommended for people with or at risk for 
cardiovascular disease. The decrease in relative risk of death due to 
cardiovascular disease as a result of consistent physical activity in both men and 
women averages around 35% (Warburton, 2006). 
Additionally, exercise seems to benefit cancer patients as well. In a study 
performed by Lee (2003), the relative risk for individuals to develop colon cancer 
decreases by 30-40% in both genders with physical activity, and the relative risk 
for developing breast cancer for active women decreases by 20-30% when 
compared to an inactive group. 
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Given all the evidence supporting the benefits of exercise, the rapid 
growth of the physical fitness industry is not surprising . Since the induction of one 
of the first fitness centers in Oakland, by Lalanne, several thousand more have 
opened (Goldstein, 2011 ). In addition to that, new exercise equipment are 
constantly being developed and sold, as seen on many television infomercials. 
Recently, corporations have taken notice of the benefits of exercise and 
have started offering corporate gym memberships falling under the category of 
social responsibility. Incentives for employers include reduced absenteeism and 
increased workplace productivity (Crowther et al., 2004). Additionally, American 
employers pay their employees' insurances; therefore, offering fitness services to 
employees may actually lead to a decrease in overall insurance cost. This 
decrease in cost stems from the fact that the greatest costs paid by insurance 
companies are associated with chronic diseases such as cardiovascular disease 
(Crowther et al., 2004). Occupational Health Promotion Programs started forming 
in the 1980s and are examples of the focus on preventative actions. The aims of 
these programs are to target "specific health risks such as high blood pressure, 
high cholesterol levels, and low fitness levels" (DeGroot et al., 2003). Moreover, 
a corporate plan allows employees to organize into fitness partners or groups, 
incorporating a social aspect as well as allowing for the potential of improved 
workplace cooperation. 
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1.2 I Circuit Training Defined 
One type of workout that has rapidly gained popularity over the past 
couple of years is circuit training, or circuits. According to a study conducted by 
Robinson et al., the best way to increase fitness levels is to increase the number 
of sets and or repetitions performed leading to an increase in the intensity of the 
workout (1995). Additionally, High Intensity Exercise Endurance (the ability to 
maintain or repeat high intensity exercises) can be increased by shortening the 
rest intervals between sets (Fleck & Kraemer, 2004 ). Hence, circuit training is the 
result of the combination of these findings. 
The nature of circuits is therefore a "high volume (repetitions), low 
resistance (weight) workout" (Comana, 2012). Exercise endurance has been 
shown to improve with weight training consisting of around twelve or fewer 
repetitions (Hickson et al., 1988; McGee et al., 1992). The volume of circuit 
training allows for increases in endurance, since it more closely approximates the 
continual movement of aerobic training. Additionally, it places a larger workload 
on the heart, in terms of oxygen and blood distribution, as opposed to traditional 
weight training (Beckham & Earnest, 2000). Stresses placed on the heart due to 
training lead to increased cardiovascular fitness, and as noted above, 
cardiovascular fitness has many potential benefits guarding against 
cardiovascular disease. 
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Circuit training, for the purposes of this discussion, consists of a group of 
approximately ten exercises that are performed consecutively with little to no 
breaks-less than one minute. Many times, the break period simply consists of 
moving from one exercise to another. The exercises may have a set number of 
repetitions that are to be completed or are set to be performed for a specific 
period of time. After the completion of the group of exercises, or a circuit, a short 
rest of approximately one to two minutes is taken and the circuit is repeated . 
As seen in Table 2, many different major muscle groups are utilized within 
a circuit. As a consequence, the body receives an overall toning. The exercises 
also alternate, targeting different muscle groups. This switching maximizes the 
ability of the muscle groups to exert effort for each exercise by allowing for the 
muscle group used previously to recover (Comana, 2012). In addition to simply 
bodyweight, equipment such as weight machines, dumbbells, agility ladders, 
aerobic steps, jump ropes, stability balls, and medicine balls can also be used. 
The many benefits of circuit training have been noticed by numerous 
physical trainers and have been put to use. Boston University's Fitness and 
Recreation Center is among one of the many fitness centers that have adopted 
the circuit training method in their physical training sessions. Fitness Assistant 
Manager, Stacie M. Humm believes that circuit training is a great program for 
people with diverse backgrounds, and that the beauty of circuits lies in the fact of 
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how routine it is (Humm, 2012). Once a fitness circuit routine is set up, the 
participant only needs to worry about moving from exercise-to-exercise in an 
efficient manner. 
Table 2: Example of a Single Circuit 
A ten exercise circuit is show above. Each exercise is performed for a specified number of 
repetitions , with 30-second breaks in between . Upon completion of the first circuit, the person in 
training will take a minute and a half break before starting over again. As endurance and strength 
builds up, more circuits will be completed. 
* 15 seconds on each leg. 
Exercise Repetitions Time (s) 
1.) Planks 1 60s 
2.) Bench Press 15 N/A 
3.) Squats 20 N/A 
4.) Crunches 20 N/A 
5.) Pull Ups 10 or fatigue N/A 
6.) Dead Lifts 15 N/A 
7.) Leg Raises 1 30 s 
8.) Dips 15 N/A 
9.) Calf Raises 1 30 s * 
10.) Ladders 1 60s 
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1.3 I High Intensity Interval Training Defined 
Another program that has recently been gaining attention in fitness 
centers is High Intensity Interval Training (HilT). As its name implies, HilT entails 
periods of high intensity followed by periods of low intensity. The high intensity 
. 
period is generally an "all-out" effort approximately reaching V o2max (~ 90% 
. 
V o 2max) and is performed in short bouts (Gibala & McGee, 2008). As seen in 
Table 3, the high intensity period is very short. 
Table 3: Sample HilT Program 
A HilT program consists of alternating bouts of high intensity exercise at a certain 
intensity equal to or over 80% of heart rate and a lower intensity exercise. 
Movement Time 
Warm Up (Light Jog) 5 minutes 
Jog (Moderate pace) 1 :00 minutes 
Sprint 0:30 minutes 
Jog (Moderate pace) 1 :00 minutes 
Repeat (6-12 times) Etc. 
Cool Down (Light Jog) 5 minutes 
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According to Tj0nna et al., 
"the rationale behind interval training is that most evidence 
suggests that it is the pumping capacity of the heart (i.e. stroke 
. 
volume) that limits V 02max" (2009). 
The recovery periods are essential to the overall structure of Hi lT, 
because it allows for the participants to reach the high intensities required during 
the short, demanding periods. However, the recovery periods are also kept short 
enough that the trainee does not makes a full recovery, and therefore, needs to 
exert more effort after each round (Gerard , 2012). 
HilT utilizes some of the same principles as circuit training to achieve its 
benefit. The theory of increasing intensity for the purposes of improving 
maximum strength is generally accepted (McDonagh & Davies, 1984 ), and HilT 
certainly takes into consideration that greater effects are seen when activities are 
performed at higher intensities. The short bouts tax the heart in a manner that is 
greater than what would occur during continual exercise (Tj0nna et al. , 2009). In 
a comparison with endurance training, the improvements seen with low volume 
HilT in terms of metabolic control and vascular endothelial function markers are 
of equivalent value (see Burgomaster et al. , 2008; Rakobowchuk et al., 2008). 
Within an indoor fitness environment, HilT is performed using cardio 
equipment such as treadmills, elliptical runners, rowing machines, stationary 
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bikes, or stairclimbers (McCall , 2009). The intention of HilT is to repeatedly 
stress the physiological systems to a greater extent than what is necessary for 
each activity (Daniels & Scardina, 1984). The conceivable result of this excess 
stress is better performance on the activity when carried out at the normal pace. 
Since its induction, many forms of HilT have been developed including 
Crossfit, P90X, and Tabata (Gerard, 2012). While the use of HilT is mainly 
geared towards performance enhancement for athletes as addressed by Stacie 
M. Humm, Boston University Assistant Manager of Fitness, the use of home 
health videos utilizing the HilT method, such as P90X has also increased over 
the past couple of years. In 2010, over 3 million P90X DVDs had been sold 
(Martin , 2011 ). The Tabata protocol will be briefly described next, as it is the form 
most pertinent to this discussion. 
The Tabata protocol was devised by Dr. Izumi Tabata. Dr. Tabata is a 
researcher currently at Ritsumeikan University, although the Tabata Protocol was 
devised when he was a training coach for the Japanese speed skating team 
(Ritsumeikan University). Two different "intermittent exercise protocols" on a 
mechanically braked cycle ergometer were used for the study, IE1 and IE2, 
respectively (Tabata, 1997). The protocol for IE1, now known as the Tabata 
Protocol, included six to seven cycles of 20 second exercises at an impressive 
. 
170% of each subjects V o 2max followed by 1 0 second resting periods, or as many 
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cycles as possible until exhaustion. The high intensity period for IE2 was set at 
200% of the subjects' V 02max's and lasted for 30 seconds as opposed to 20 
seconds; the subjects were also given a longer resting period of 2 minutes. IE2 
was performed 4 to 5 times, or similar to IE1, until exhaustion (Tabata, 1997). 
IE1, or the Tabata Protocol, is considered the "first strictly regimented HilT 
protocol" (Gerard, 2012). Due to the intensity of the Tabata Protocol, most of the 
programs used are actually modified versions of the original that maintain the 
same work to rest period ratio (Gerard, 2012). As stated before, two of the most 
common equipment used for the Tabata Protocol are treadmills and bicycles. 
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1.4 I Specific Aims 
The aim of this thesis is to determine the different physiological and 
psychological effects of circuit training as compared to High Intensity Interval 
Training on a normal, healthy individual. As seen above, both exercise forms 
take advantage of short rest periods and high intensity periods allowing for the 
entire workout to take place in a shorter amount of time as compared to 
traditional training consisting of simply aerobics or resistance training. 
Given the public's interest in exercise, several studies have been 
conducted on the nature and benefits of circuit training as well as HilT. However, 
the majority of these publications focus on the benefits of each program 
individually as compared to the traditional forms of exercise, such as continuous 
aerobic training. In the studies that have been performed, oftentimes the sample 
sizes are small. There has been a lack of studies that compare circuits and HilT 
with one another. The present report reevaluates the findings of previous studies 
so that the data can be used to examine how the benefits of circuit training and 
HilT relate to one another, and to determine if one of these exercise methods is 
superior to the other. 
The Published Data portion of this paper consists of three (3) sections: 
Section 2.1-The Effects of Circuits & High Intensity Interval Training on the 
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Cardiovascular System, Section 2.2-The Effects of Circuits & High Intensity 
Interval Training on Body Metabolism, and Section 2.3-Psychological Changes 
Associated with Circuits & High Intensity Interval Training. Each section presents 
methodological details and the associated findings. 
The Discussion section includes an analysis of the data presented in the 
previous section, and the extraneous factors are accounted for when making 
inferences between the two modes of exercise. Moreover, a wider view is 
adopted in an overall consideration of the practical applications of circuits and 
HilT to the general population and modern-day society. 
The first section of this report [2.1 I The Effects of Circuits & High Intensity 
Interval Training on the Cardiovascular System] examines the changes in heart 
. 
rate (HR) and V o2max caused by circuits and then the same changes caused by 
HilT. It also focuses on the longevity of the responses so that the relative impact 
on the cardiovascular system can then be used to determine if circuits or HilT 
has the greater effect. 
Section two of the report [2 .21 The Effects of Circuits & High Intensity 
Interval Training on Body Metabolism] investigates the metabolic adaptations that 
occur. Metabolic changes in fat oxidation, buffering capacity, excess post-oxygen 
consumption, resting metabolic rate, and the utilization of aerobic as opposed to 
14 
anaerobic pathways are explored. Again, a focal point is how long the effects of 
circuit training and HilT last during and post-exercise. 
Sections 2.1 and 2.2 present data that are complementary to one another 
in that each section highlights different processes resulting from the two forms of 
exercise. The purpose of both sections is to provide a scientific backdrop to 
examine the benefits and disadvantages of circuit training and HilT. Such a 
scientific backdrop is essential for a comparison to be made, since it establishes 
distinct physical changes in the body. 
The final section, [2.31 Psychological Changes Associated with Circuits & 
High Intensity Interval Training] approaches the effects of circuit training and HilT 
differently by focusing more on the mental aspects. Subjects' change in 
perception of their body image, job satisfaction, and levels of stress will be 
analyzed . Furthermore, the studies are supplemented by interviews with 
professionals in the field. 
As emotion plays a large part in motivating people to start and maintain 
exercise, Section 2.3 addresses a very important aspect to compare between 
circuit training and HilT (Lees & Dygdon , 1988). The potential for the trainee to 
benefit from whichever program is most effective is largely dependent on how 
willing the participant is to actually use that method. 
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For all three of the sections, a comparison can be broken down into "C" for 
circuit training and "H" for HilT in relation to a factor "X," such as heart rate (HR). 
If when talking about a factor X and: 
1.) [C > H], Circuit training has a greater effect on HR, 
2.) [C=H], Circuit training and HilT have equivalent effects on HR, and 
3.) [C<H], HilT has a greater effect on HR. 
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PUBLISHED DATA 
2.1 I The Effects of Circuits & High Intensity Interval Training on the 
Cardiovascular System 
A study performed by Braun, Hawthorne, and Markofski attempted to 
demonstrate the effects of circuit training in terms of Excess Post-exercise 
Oxygen Consumption (EPOC) when matched with aerobic exercise in terms of 
exercise duration and rates of oxygen consumption. Cardiovascular health 
markers such as oxygen consumption ( V 02) and heart rate (HR) were used. The 
maximum HR (HRmax) determined for each participant was estimated based on 
age. The age-estimated HRmax and the data collected through a sub-maximal 
graded exercise were used via linear regression to find V o2max· Metabolic data 
was collected with continuous indirect calorimetry and heart rate telemetry 
(Braun et al., 2005). 
Eight untrained females, averaging about 31 years, participated in a total 
of two exercise sessions separated by 28 days. One session was circuit training 
based and included 3 sets of 8 exercises performed at 65% of the one repetition 
maximum (1-RM) for 15 repetitions or until failure. The participants were allowed 
30-second rest periods in-between exercises, and 2 minutes in-between sets. At 
the end of each set, HR and the rate of perceived exertion (RPE) were recorded . 
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The second session was an aerobic training session on a treadmill with variables 
adjusted to match the duration and aerobic energy expenditure used during the 
circuits session (Braun et al., 2005). 
A major discovery made through this study demonstrated how 
"circuit weight training, when performed at the same aerobic energy 
cost as TM (treadmill exercise), was found to elicit greater 
perturbations in cardiorespiratory factors and ... associated with 
greater aerobic energy expenditure during recovery" (Braun et al., 
2005). 
In 1977, Hickson et al. studied the changes that occurred in Vo2max, HR, 
and endurance after intensive exercise approximating a subject's maximum 
aerobic capacity, or Vmax· Several devices were used including mass 
spectrometers, bicycle ergometers to measure V o2max and endurance, a Fleisch 
no. 3 pneumotachometer for Expired Volume ,VE, and electrocardiograms for HR 
measurements. Collected data were used to calculate oxygen consumption, 
carbon dioxide production, and breath-to-breath minute volume through a PDP-
12 computer (Hickson et al., 1977). 
Eight subjects-of both genders, ages ranging from 20-42 years and of 
varying fitness levels, from those who lived a sedentary lifestyle to those who 
regularly exercised 3 times a week-participated in the study. The study set up a 
program that went for 10 weeks where the subjects actively exercised for 40 
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minutes 6 days of the week. The form of active exercise alternated daily 
between: 
1.) 6 sets of 5-minute intervals on a bicycle performed at a level approximating 
V 02max with 2-minute recovery periods performed at 50% - 60% of V o2max and 
2.) continuous exercise, on a treadmill, with a goal of attaining the maximum 
distance covered possible. 
The two different exercises were used as a means to prevent injury in the 
untrained population from the intense nature of the program (Hickson et al., 
1977). 
An impressive 5% increase in V o2max was observed in the group as a 
whole after only one week, and after two weeks, all eight subjects experienced 
an increase in V o2max- The increase continued in a linear trend throughout the 10 
. 
weeks of the study resulting in a total average increase in V o2max of 16.8 
ml/kg/min, or 44% for the group. In addition, the increase in V o2max was 
paralleled by an increase in the time it took to reach peak HR, whose average 
value did not change over the course of the study, and work time until exhaustion 
(Hickson et al., 1977). 
Tj0nna et al. completed a study investigating cardiovascular risk factors in 
overweight adolescents who performed aerobic interval training as compared 
19 
with a multidisciplinary approach. A total of 54 subjects were randomly assigned 
to one of the two groups and measurements were taken for blood pressure and 
. 
V 02max· The intervention for the study took place over three months. One group 
was assigned to aerobic interval training (AIT) for 40 minutes twice a week. 
Depending on the subjects' abilities, they would run or walk (on an incline) on a 
treadmill at 90-95% of their HRmax followed by a 3-minute recovery period at 70% 
of their HRmax after a 1 0-minute warm up (70% HRmax). The other group was 
referred to a multidisciplinary approach consisting of group meetings every 2 
weeks for a total of 21 hours with professionals in their respective fields : 
physician psychologists, physiotherapists, and clinical nutrition physiologists 
(Tj0nna et al., 2009). 
Tj0nna et al. found that, compared to a multidisciplinary approach, aerobic 
interval training produced significant changes in decreasing blood pressure. After 
3 months of treatment of AIT and multidisciplinary training, respectively: the 
groups' systolic blood pressures decreased by 9.4 mmHg and by 2.5 mmHg; 
diastolic blood pressures decreased by 5.5 mmHg and no change was noted; 
and mean arterial pressures decreased by 7.2 mmHg and no change was noted. 
Moreover, whereas no change was observed in the multidisciplinary group 
. 
throughout the entire 12 months of the study for average V o2max. the average 
V 02max increased by 15.5 mllmin• Lmb-0·75 after 3 months of AIT and by 18.7 
ml/min• Lmb-0 ·75 12 months after the start of the program. 
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Circuit training, with the use of hydraulics was studied by Haennel et al. 
They compared the effects of circuits with the effects of continuous aerobic 
training on a bicycle in terms of changes in maximal aerobic power, cardiac 
output, and stroke volume. Haennel et al. used the continuous flow technique for 
bicycle ergometers to determine V o2max. impedance cardiography to determine 
stroke volume (SV), cardiac output (CO), and HR, and sphygmomanometers to 
determine blood pressure (Haennel et al., 1989). 
Thirty-two men averaging 42 years of age were divided into four groups of 
eight with one group being a control group. Of the three remaining groups, one 
group performed continuous dynamic exercise on bicycles, and the other two 
groups performed varying intensities of hydraulic circuit training. The exercise 
time period was 27 minutes 3 times a week for 9 weeks for all three training 
groups, and for the circuit groups, the circuits entailed 9 stations carried out at a 
1:1 ratio of work to rest (Haennel et al., 1989). 
Haennel et al. concluded that cardiovascular fitness can be increased by 
hydraulic circuit training. Post-training, the participants in the training group had a 
significantly higher (p < 0.05) average V o2max. average SV, and average CO as 
compared to pre-training. Maximal hydraulic circuit training increased V o2max 
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from 2.66 ± 0.10 I/ min to 2.96 ± 0.15 1/min, SV from 102 ± 3 I/ min to 111 ± 3 1/min, 
and CO from 17.1 ± 0.3 1/min to 18.5 1/min (Haennel et al., 1989). 
MacDougall et al. performed a study on the changes on "muscle glycolytic 
and oxidative enzyme activity and exercise performance" that occurred as a 
result of intense sprint interval training. They used 12 healthy, active, young 
students (average of 22.7 years) in a protocol involving sprint interval training 3 
times a week for 7 weeks. Following the Wingate method, the sprint intervals 
consisted of 4 to 10 sets of 30 seconds all out effort with 2:30-4:00 minutes of 
recovery in between . Equipment used to quantitate the different variables 
included different types of cycle ergometers, catheters, and the SMI Opto-Sensor 
& Software System (MacDougall et al., 1998). 
In terms of cardiovascular fitness, MacDougall et al. found significant 
improvements in V o2max due to HilT. This improvement is shown in Figure 1. An 
interesting note in this study is the population used-twelve healthy, young males 
who were "physically active fitness enthusiasts who engaged in jogging, weight 
training, and intramural sports" (MacDougall et al., 1998). It is well known that the 
younger and more physically fit an individual is, the more effort it takes to see 
results . Therefore, given the extremely small volume of the program, a total of 5 
minutes of exercise by week 7, the findings may be very suggestive of the power 
of the program (MacDougall et. al., 1998). 
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Figure 1: A Comparison of Maximum Oxygen Consumption, V o2max. 
before (Pre) and after (Post) Sprint interval Training: The maximum oxygen 
consumption values, mean± SO, of the 12 participants in the study are 
expressed in two ways. In A, they are expressed in absolute units, 1/min, and in 
B, they are expressed relative to body mass, ml/kg/min . An asterisk(*) 
indicates significance and p< 0.05. Figure amended from MacDougal et al. , 
1998. 
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Camargo et al. conducted a study to determine if any changes in cardiac 
morphology occurred after circuit weight training. Twenty healthy, sedentary men 
were divided into 3 groups: control, aerobic, and circuit weight training. The 
exercise groups were organized into programs lasting 35 minutes, 3 times a 
week for 12 weeks, or a total of 36 sessions. Aerobic sessions included a 5-
minute warm up, 25-minute run at 70% HRmax. and a 5-minute cool down walk. 
The circuit program was designed to match the HR attained by the aerobic 
session, or 70% HRmax (Camargo et al., 2008) 
While no noticeable changes were detected by cardiac magnetic 
resonance imaging in terms of potential left ventricular hypertrophy, the increase 
in cardiovascular fitness of circuit training were found. Circuit training leads to a 
V o2max increase of 12 ± 4%. It is interesting to note that the increase in V o2max 
for the aerobic protocol was also 12 ± 4% (Camargo et al., 2008). 
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2.21 The Effects of Circuits & High Intensity Interval Training on Body 
Metabolism 
This section focuses on metabolism, an aspect of physical health related 
to the cardiovascular system and oxygen uptake. 
Kiens and Richter investigated the role of skeletal muscle triacylglycerol 
(TAG), an energy source for metabolic processes, during post-exercise recovery. 
Eight healthy and trained young men (athletes: 1 rower, 3 runners, 2 cyclists, and 
2 swimmers) were placed on a restricted diet before and after the intervention. 
Since the study focused on the use of the different energy sources, such as TAG, 
as a result of exercise, the restricted diet was important to establish what was 
available for the subjects' bodies to use. In this study, the diet consisted of 65-
70% of energy from carbohydrates, 20% energy from fat, and 10-15% energy 
from protein. The HilT intervention consisted of exercise conducted at 75% 
V 02max for 20 minutes followed by 2 minute interchanging periods at 90% V o2max 
and 50% V o2max until exhaustion (Kiens & Richter, 1998). 
Kiens and Ricter reported intramuscular TAG as unchanged 0 hours 
post-exercise, significantly decreased 3 hours post-exercise, and at the lowest 
point, approximately 80% TAGinitial. 18 hours post-exercise. TAG concentrations 
were decreased for a total of 30 hours in the recovery period. It is important to 
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note that the intramuscular TAG is decreased during this time period despite 
being given a meal one hour after the session, which was calculated to contain 
approximately the same amount of energy, in carbohydrates, that was utilized 
during the exercise period. In terms of protein synthesis, lipoprotein lipase (an 
enzyme that helps breakdown fat for use) activity increased as well, also peaking 
at 18 hours post-exercise. The increased activity is one good explanation of the 
decreased concentrations of TAG and is also a good measure of the large effect 
of HilT on fat metabolism (Kiens & Richter, 1998). 
A study conducted by Melby et al. used two similar experiments to 
determine changes in metabolic rate after acute strenuous resistance exercise. 
The two experiments used a similar protocol except one of the experiments 
includes a control element set on a separate day. The weight lifting protocol for 
experiment 1 totaled 90 minutes and consisted of 6 sets of 10 exercises; the 
repetitions were set at a minimum of 8 and maximum at failure. Following the 
exercise session, V 02 , was measured 20 times in 6 minute intervals for a total of 
120 minutes. The same procedure was followed in experiment 2, except the 
weight lifting protocol for experiment 2 totaled 96 minutes and consisted of 5 sets 
as opposed to 6. Another change made between the two experiments was that 
experiment 2 increased the rest period from three to four minutes between sets 
due to complains from the participants in experiment 1 (Melby et al. , 1993). 
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The participants in both experimental designs were placed under a set 
diet with meals consisting of 65% carbohydrates, 20% fat, and 15% protein 
before, during, and after the actual exercise period. The purpose of the diet was 
to decrease confounding on measurements of V o2max due to dietary-induced 
thermogenesis. The second experiment modified the number of meals from two 
(in experiment 1) to three a day; In both experiments, measurements were taken 
in a well-ventilated, private, semi-darkened room when the subjects were lying on 
a bed with their head enclosed in a Plexiglas canopy. Indirect calorimetry was 
used to determine resting metabolic rate (RMR), oxygen consumption (V 02), 
carbon dioxide production ( V c02), and respiratory exchange ratio (RER) (Melby 
et al., 1993). 
Melby et al. concluded that after exercise, the metabolic rate of an 
individual remains elevated for a significant amount of time,~ 2 hours. In both 
experiments, all points of the average V 02 within the 2-hour recovery period 
starting immediately after the 90-minute session were higher that the basal 
average V 02 value measured pre-exercise. In the last 6 minutes of the 2-hour 
recover period for experiment 1 & experiment 2, the average V 02 was 11.4% 
and 11.7% greater than the initial average V 0 2. respectively. The average total 
Excess Post Oxygen Consumption (EPOC) was 7.0 ± 1 liters 0 2 for experiment 
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1 , and the average total EPOC was 7.2 ± 1 .2 liters 02. The net caloric cost above 
normal resting values during the recovery period averaged +34 kcal for 
experiment 1 and experiment 2. The resting metabolic rate (RMR) 15 hours after 
the session increased by an average of 9.4% (p $ 0.01) for experiment 1 and 
4.7% for experiment 2. The lower value from experiment 2 may reflect the 
physically stronger, younger population. The metabolic rate is significantly 
affected following this circuit style training as seen from the EPOC, increased 
caloric expenditure, and increased RMR (Melby et al., 1993). 
A study performed by Harber et al. examined human skeletal muscle 
changes after circuit weight training. Their focus was to evaluate muscle 
performance, fiber and protein expression characteristics, and the hormonal 
profile . Vital capacity was measured with a Collins wet spirometer, residual 
volume was measured by the Wilmore method, muscle biopsies were collected 
from the vastus lateralis, and whole blood was drawn from the superficial 
antecubital vein (Harber, Fry, Rubin, Smith, & Weiss, 2004 ). 
Twelve previously sedentary men, 18 to 35 years of age, participated in 
the study. For 10 weeks, they exercised 3 times a week at a moderate intensity 
of 40%- 60% RM. The 10 exercise circuit sessions using Nautilus and Hammer 
Strength machines progressively increased in intensity with the total number of 
sets increasing from 1-3, total duration of exercise from 20 seconds to 30 
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seconds, and total duration of rest intervals decreasing from 30 seconds to 10 
seconds (Harber et al., 2004 ). 
Although circuit weight training in this study did not lead to a change in 
the percent fiber type, the cross-sectional area of the type IIA fibers increased 
significantly. The type II fibers post-exercise contained a relatively greater 
percentage of the myosin heavy chain expression of the isoform MHCIIa over 
isoform MHCIIb. This conversion is important because evidence supports the 
sequence from conversion to transformation of mATPase fiber types and 
indicates adaptation to the resistance training (Harber et al., 2004). 
Harber et al. concluded that there may or may not be an associated 
endocrine response to resistance exercise. The importance of the metabolic 
adaptations due to circuit weight training is prevalent in this study since the 
participants experienced an increase in muscular strength without hormonal 
responses. Moreover, the high metabolic demand, particularly the anaerobic 
pathway, of circuit training is represented by the significant increase in blood 
lactate concentrations in the exercise group. Another metabolic factor influenced 
by circuit weight training was relative body fat, which decreased by 1. 7% over the 
1 0 week period (Harber et al., 2004 ). 
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A review by Giabala and McGee evaluated the benefits of HilT, including 
findings from studies that have shown that HilT is capable of producing rapid 
changes in metabolic adaptations equivalent to traditional high-volume 
endurance training. Five studies lasting between 2 and 6 weeks conducted by 
Giabala and McGee were included in th is review. The five studies reviewed used 
subject populations of healthy, recreationally active college students, and the 
standard protocol used was the Wingate method consisting of 4-6 sets of "all-out" 
maximal effort for 30 seconds fol lowed by 4 minutes of recovery 3 times a week 
(Giabala & McGee, 2008). 
Based on samples attained from needle biopsies, three of Giabala and 
McGee's studies consistently found increased mitochondrial activity leading to 
greater muscle oxidative capacity of 15% to 35%, after 6 HilT sessions. Their 
studies also found that HilT results in changes similar to those seen in aerobic 
training with respect to carbohydrate metabolism. The changes seen in 
carbohydrate metabolism are 
"increased resting glycogen content, a reduced rate of 
glycogen utilization and lactate production during matched-
work exercise, and increased total muscle glucose 
transporter 4 protein content" (Gibala & McGee, 2008). 
Body metabolism is greatly affected in the subjects of Giabala's studies as seen 
with a significant increase in muscle oxidative capacity, protein activity, and 
protein synthesis. 
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Talanian et al. evaluated the effects of 7 sessions of HilT on steady-state 
cycling at 60% V o2 max for 60 minutes. The focus of the investigation was 
changes in muscle metabolism. Measurements were taken before, during, and 
after exercise with metabolic carts for V 02, Teflon catheters for blood samples, 
and needle biopsies for samples from the vastus lateralus. Furthermore, the 
energy sources available for the subjects to use were accounted for by giving 
them a meal approximately 3 to 4 hours prior to exercise (Talanian, Galloway, 
Heigenhauser, Bonen, & Spriet, 2007). 
Eight healthy, recreationally active females averaging 22 years of age 
were recruited for the study. Baseline measurements for continuous cycling at 
60% V o2max for 60 minutes were taken 2 days before HilT started. Talanian et al. 
set up 7 HilT sessions every other day for 13 days. Their HilT program consisted 
of 1 0 rounds of cycling for 4 minutes at 90% V o2max separated by 2-minute rest 
periods. 3 days after the completion of the HilT sessions, the steady-state cycling 
at 60% V o2max for 60 minutes was performed once again. Sessions 2 and 7 of 
the HilT program were used as a comparison of the changes induced by HilT 
training (Talanian et al., 2007). 
Many metabolic changes were noted in Talanian's study. Metabolic 
exertion in HilT session 2 lead to an increase in whole blood lactate after bouts 
31 
(one set of high intensity and low intensity periods) 1 and 3; after bout 3, the 
levels reached a plateau . In session 7, whole blood lactate did not change. 
Whole blood glycerol increased in both sessions 2 and 7; however, the response 
was significantly lower in session 7 before and after bout 10 in comparison to 
session 2. As seen in Figure 2, whole body fat oxidation was significantly 
increased after HilT (36%), and whole body carbohydrates reciprocally 
decreased after HilT (23%). In addition, maximal ~-Hydroxyacyi-CoA 
dehydrogenase (~-HAD) activity increased by 32%, maximal citrate synthase 
(CS) activity increased by 20%, and total muscle Fatty Acid Binding Protein 
(FABP) increased by 25%. Muscular hormone sensitive lipase (HSL) activity was 
also increase, although insignificantly, by 13%. Many positive metabolic changes 
were noted in the study by Talanian et al. The increased levels of whole blood 
lactate is an important indicator of what metabolic processes are happening, 
such as anaerobic metabolism; the decreased increase in whole blood glycerol 
over time indicates less glycogenolysis is necessary to perform the same amount 
of work after training; metabolically, more fat is being used for energy due to 
increased body fat oxidation, and increased activity of FABP and HSL; and 
overall metabolism is increased as seen with increased CS and ~-HAD (Talanian 
et al., 2007). 
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Figure 2: Comparison between whole body fat and carbohydrate 
measurements before (pre) and after (post) HilT Training: Measurements 
for the three graphs are means ± SE. The graphs show the changes in whole 
body fat oxidation and carbohydrate (CHO) oxidation in the eight subjects 
during the 2 nd steady-state 60 minute cycle exercise at 60% V o2max. 
An asterisk (*) indicates significance (p< 0.05). 
Figure amended from Talanian et al. , 2007 
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2.31 Psychological Changes Associated with Circuits & High Intensity 
Interval Training 
It is believed and well documented that exercise induces changes in mood 
with improved feelings (see Plante & Rodin, 1990). O'Halloran et al. conducted a 
study to standardize measures to be used as a control in studying the 
psychological effects of exercise since there were no questionnaires addressing 
people's beliefs regarding mood improvement during and following exercise at 
the time; they then implemented the resulting control measure in a separate 
study. The final questionnaire consisted of one group of 5 questions regarding 
beliefs concerning mood improvements during running, and a second group of 
two questions regarding beliefs on mood improvement post-running (O'Halloran 
et al., 2002). 
In the study implementing the questionnaires created by O'Halloran et al., 
50 subjects were used. The participants were regular runners around 27 years of 
age, and the exercise consisted of a 60-minute treadmill run. Mood assessments 
and the questionnaire "Beliefs Concerning Mood Improvements Associated with 
Running Scale" were administered to the subjects prior to, during, and after the 
run. The study showed moderate positive correlations between mood and beliefs 
on the topic (such as the Elated-Depressed subscale) on all of the subscales. 
34 
Changes in the Elated-Depressed subscale (r=.57) showed the greatest 
correlation (O'Halloran et al., 2002). 
A study performed by Will iams and Cash evaluated the effect of circuit 
weight training on body image using controls that were matched to the 
participants in terms of gender, age, race, BMI, and exercise levels. Several 
assessments were used twice: once before the pre-test, or the 1-RM test, prior to 
the circuit training , and once 6 weeks after the circuit training. Assessments 
included: Multidimensional Body-Self Relations Questionnaire (MBSRQ)-
including the Body Areas Satisfaction Scale (BASS}---Social Physique Anxiety 
Scale (SPAS), Physical Self-Efficacy Scale (PSE)-which included subscales for 
Physical Self-Presentation Confidence (PSPC) & Perceived Physical Ability 
(PPA)-Reasons for Exercise Inventory (REI), and Muscular Strength 
Assessment (1-RM) (Williams & Cash, 2001 ). 
A total of 39 young, healthy students, around 21 years, with previous 
activity levels ranging from sedentary to recreationally active, participated in the 
circuit training regiment. The circuit training program took place for 3 hours a 
week for 6 weeks. Williams and Cash concluded that circuit weight training had a 
significant positive effect on body image. ANOVAs (analysis of variance) 
conducted on the measures confirmed the improved scores for Appearance 
Evaluation , BASS, SPAS, and PPE. Overall , the circuit training participants 
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experienced a decline in social physique anxiety and an increase in physical self-
efficacy. As an interesting note, the circuit trainers who made greater reductions 
in social physique anxiety were more motivated by social factors to exercise 
initially (Williams & Cash, 2001 ). 
Norvell and Belles investigated the physical and psychological effects of 
circuit training on law enforcement personnel. A total of 43 subjects with a mean 
age of 32 years engaged in a 16 week long circuit training regiment 3 times a 
week for 20 minutes each time. It included 12 circuit machines and 8 to 12 
repetitions per exercise. The participants completed the Hopkins Symptom 
Checklist (SCL-90), Job Descriptive Index (JDI), Cohen-Hoberman Inventory of 
Physical Symptoms (CHIPS), Perceived Stress Scale (PSS), Submaximal Step 
Test, and 1-RM assessments before and after completing the training program 
(Norvell & Belle, 1993). 
As can be seen in Table 4, this study found a significant decrease in 
perceived stress, perceived distress resulting from symptoms (CHIPS), and 
psychological symptom patterns (SCL-90). On the other hand, the JDI increased 
significantly, indicating circuit training's potential role in positively affecting job 
satisfaction. 
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Informal comments made by overweight adolescents that participated in 
the study conducted by Tj0nna et al., described earlier, are suggestive of 
potential mental benefits of HilT. 
"They found it motivating to have a varied procedure to follow 
during each training session, and that the feeling of actually getting 
in better shape also motivated them to continue after the 3 month 
experimental period" (Tj0nna et al., 2009). 
The improvements in performance is prevalent in many of the other studies on 
HilT as well (see Laursen & Jenkins, 2002; Talanian et al. , 2007). 
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Table 4: Comparison of Psychological Test Results Before (Pre) & After 
(Post) Training. 
* p<0.05 ** p<0.01 *** p< 0.001. Abbreviations: Exp= experimental, Cant= control , 
MANOVA= multivariate analysis of variance , CR= canonical correlation. Table 4 amended 
from Norvell & Belles , 1993 
Univariate F 
Pretreatment Po~ttreatmcnt 
Overall Exp s. Coot 
Group .H SD M SD (2. 40) (I. 40) CR 
Perceived tress S<.-ale 
xperimental .0.79 6.71 18.50 4. 4 .7o- 7. 9·· .2 
Wait-li t control 21 .53 6.3 21.67 5.7 .29 
Dropout controls 29.64 5.12 29.86 4.35 
Cohen-Haberman Inventory of Ph. i al ymptoms 
Experimental 12.93 .07 .64 , I 14.02·· · 2 ·. 7•-* .55 
Wait-list controL 1 .7 4 . I 13. 7 4.44 .2 
Dropout control 27.29 14.84 29.2 1 13.60 
Hopkins S~mptom Chec:klist-90. Global Severity indtx 
xperimental 53.86 4 .7 1 7.02 16.27•• • 2. 4••• .58 
Wait-li t c.ontr I 5_.40 51.93 5.34 .62 
Dropout controls 7 1.79 71.29 4.9 1 
Job Descriptive Index, Total 
E perimental 109.71 17.03 118.29 14.6 l2.4t••• 18. 9·· · - .50 
Wait-li t ntrots 108.60 
- .o I .47 20.51 - .46 
Dropout control 115.21 48.85 108.36 40.0 
Wilks's lambda F dfs 
crall M NOVA: Group A sessm nt 0.2 s.ts••• • 74 
perimental ...  . ntrol comparison 0.3- 19.& 1·· · 4.37 
Wait-list vs. Dr poul control comparison 0.82 2.00 4. 3 
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DISCUSSION 
Many new programs and equipment have erupted since Lalanne's first 
fitness center was opened in 1936 (Goldstein, 2011 ). For instance, the TRX was 
designed in the 1990s, and kettlebells, which have been used for centuries in 
Russia, were reinterpreted as a fitness device in the mid-1900s (TRX Training; 
Dixon, 201 0). Two fitness programs that have been gaining popularity are circuits 
and HilT. This report examined the efficiency of both in terms of cardiovascular 
and metabolic responses as well as potential effects on the more social aspect of 
each program. 
V o2max is one important factor of cardiovascular health. V o2max is a 
measure of how much oxygen can be consumed per minute and is dependent on 
a person's HRmax. because the flow of blood through the alveolar capillaries is 
one of its limiting factors. Many metabolic processes (e.g. ATP synthesis) and 
vital organs (i.e. brain) depend on oxygen to function; therefore, it is reasonable 
to conclude that a higher V o2max and high HRmax are desirable when within 
physiological limits. 
In the study by Braun et al., a significant, p::;; 0.05, increase in oxygen 
consumption, V o2max. was noted after circuit training, 266.68 ± 11.43 ml/min as 
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compared to baseline numbers (the initial value was 185.60 ± 16.04 ml/min}-an 
improvement of 30.4% (Braun et al., 2005). Haennel et al. noted a V o2max 
increase of 12.5% in their subgroup HCTsub (Hydraulic Circuit training 
submaximal) and 11.3% in their subgroup HCT max (Hydraulic Circuit Training 
maximal) (Haennel et al., 1989). V o2max was also seen to increase in the study 
performed by Camargo et al. The circuit weight training group starting out at a 
V o2max of approximately 38.4 ml/kg/min and ending at 43.1 ml/kg/min, equivalent 
to 12.2% (Camargo et al., 2008). Taken together, circuit training has a potential 
for cardiovascular V o2max improvement of between 11.3% and 30.4%. 
Looking at the same parameter, V 02max, in HilT, Hickson et al., noted a 
significant increase (p :s; 0.05) of 1.19 Llmin (39%), or 16.8 ml/kg/min (44%). One 
subject even approached the V o2max of endurance athletes, improving from 45.5 
mllkg/min to 67.2 ml/kg/min (Hickson et al. , 1977). The overweight adolescents 
who participated in a version of HilT from the study of Tj0nna et al. experienced 
a significant, p :s; 0.05, overall increase from 32.3 ± 4.8 mllkg/min to 36 ± 1.1 
ml/kg/min, or 11.5% (Tj0nna et al. , 2009). The subjects from the study of 
MacDougall et al. also experienced an increase of V o2max from 51 .0 ± 1.8 
ml/kg/min to 54.5 ml/kg/min, a 6.8% increase (MacDougall et al., 1998); thus, 
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the a potential influence of HilT on cardiovascular V o2max improvement ranges 
between 6.8% and 44%. 
Percentage ranges between 11.3%- 30.4% and 6.8%- 44% are highly 
overlapping; therefore, it is hard to make any conclusive statements regarding 
which training program is more effective in terms of V o2max · It is important to note 
the wider range of HilT, as it seems correlated to intensity of the program. The 
program inducing the largest change, 44%, consisted of 6, 5-minute periods of 
maximal effort approaching V o 2max and 2-minute rest periods, while the program 
associated with the lowest change, 6.8%, consisted of 4-to-10 30-second all-out 
efforts separated with a 2:30 to 4:00 minute recovery period (Hickson et al., 
1977; MacDougall et al. , 1998). In the former program, the higher intensity work 
was performed for a longer period of time and had much shorter recovery periods 
relative to the later program. 
Additional cardiovascular benefits of circuit training include changes in 
HR. As seen in Table 5, resting heart rate is lowered after a circuit training 
regiment. A lowered resting HR is associated with greater cardiovascular fitness 
since it indicates that the heart does not need to work as hard to provide sustain 
the body. A possible mechanism for this to occur is through an increased SV 
(see Table 5). 
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Table 5: Resting Cardiovascular Measurements Pre- & Post- Circuit 
Training 
Documented as means± SEM, V ozmax is oxygen uptake, units=L!min; HR is heart rate , units 
beats/min; SV is stroke volume, units mllbeat; CO is cardiac output, units L/min ; and MAP is 
mean arterial pressure, units= mmHg. * Indicates significant difference between pre-and post-
training data (p < 0.05). Similar suffixes indicate insignificance (a , b, or ab) . Figure amended from 
Haennel et al. , 1989. 
Control Cycle HCT.utt HCTma• 
Pre-Training 
0.33 a 0.30 a 0.35 a 0.34 a 
±0.02 ±0.02 ±0.02 ±0.02 
HR 76 ab 70a 81 b 72 ab 
±4 ±4 ±5 +2 
sv 68 ab 77b 64 a 72 ab 
+4 ±5 +5 ±3 
co 5.1 a 5.3 a 5.1 a 5.2 a 
±0.2 ±0.2 +0.2 ±0.3 
MAP 91 a BBa 85 a 91 a 
±2 +1 ±2 ±3 
Post· Training 
0.33 a 0.31 a 0.33 a 0.35 a 
+0.03 ±0.02 ±0.03 ±0.03 
HR 70a 64 a 71 a• 67 a 
±2 ±4 +4 ±4 
sv 71 a 91 b" 75 a• 77a 
±4 ±6 ±4 ±5 
co 5.0 B 5.8 a 5.3 a 5.2 a 
±0.3 ±0.5 ±0.4 ±0.3 
MAP 64 a· BBa 85 a BB a 
±3 ±3 ±2 ±2 
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HilT increases cardiac fitness in terms of HR as seen by a longer time 
period to reach HRmax during exercise-taking roughly from 150 seconds to 550 
seconds over the 10 week training period (Hickson et al., 1977). Again, a slower 
heart rate indicates a greater capacity to do work at higher activity levels. 
Moreover, a greater capacity to do work leads to an increased endurance time 
(Hickson et al., 1977). HilT can also be preventative for cardiovascular diseases. 
The overweight population is at a higher risk for diseases such as hypertension 
and atherosclerosis (Ross, 1999; Bramlage et al., 2004). The study conducted by 
Tj0nna et al. used an overweight population and observed a significant decrease 
(p< 0.01) in systolic blood pressure, diastolic blood pressure, and mean arterial 
blood pressure from the group that underwent training (Tj0nna et al., 2009). HilT 
should thus be further studied on its potential to prevent and assist in the 
treatment of cardiovascular disease. 
In terms of metabolism, benefits of circuit training include increased 
EPOC, which is important because it indicates increased metabolic activity, such 
as aerobic oxidation (Braun et al., 2005). EPOC remains significant 30 minutes 
post-exercise (Braun et al., 2005). In the study conducted by Melby, the 
participants average EPOC was approximately 7 liters of 02, and the metabolic 
rate remained elevated for over 2 hours resulting in an excess caloric cost of 34 
kcal (Melby et al., 1993). Other benefits of circuit training include an increase in 
type II muscle fiber cross sectional area, increased lactate production, and in a 
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study performed by Harber et al., a decrease in 1. 7% of body fat over 1 0 weeks 
(Harber et al., 2004 ). 
HilT has been shown to induce metabolic changes as well. After 18 hours 
of recovery, the participants' bodies were still actively trying to regain the balance 
disrupted by exercise, as seen by a decrease in TAG concentrations to 80% of 
resting concentrations prior to HilT (Kiens & Richter, 1998). In 6 sessions, the 
subjects from the study conducted by Giabala et al., increased their oxidative 
capacity by 15%-35% (2008). Looking at metabolic substrates and enzymes: 
HilT leads to a significant increase in plasma lactate; a decreased glycerol use 
as well as a 23% increase in carbohydrate oxidation; and increased activity of fat 
oxidation by 36%, increased 13-HAD by 32%, increased CS by 20%, and 
increased FABP by 25% (Talanian et al., 2007). Similarly, a study by MacDougall 
found significant increases in metabolic enzyme activities such as Hexokinase, 
56%, Phosphofructokinase, 49%, and CS, 36% (MacDougall et al., 1998). 
HilT appears to be more effective in producing metabolic changes. 
According to Nutrition & Diet Therapy one gram of fat yields 9 kcal (DeBruyne, 
2007). Therefore, if fats were the sole source of energy available for the two 
hours following HilT, it would take 4 grams of fat to match the recovery energy 
expenditure of the study by Melby (Melby et al., 1993). When looking beyond fat 
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oxidation, all the above studies have shown HilT to be efficient in promoting 
other enzyme activity and protein synthesis as well , all of which requires energy. 
Oftentimes people exclaim that they feel great after working out (see 
Sibold, 2010). Just as frequently however, people do not actually engage in 
exercise because they feel like they do not have the time for it (Godin, 1994). A 
subset of not having time, The Baylor Regional Medical Center in Plano, Texas 
lists being too busy as one of the three most common excuses to shy away from 
exercise; the other two excuses are being tired and not seeing results (2012). 
Both circuit training and HilT are ideal programs for people who feel as if 
they do not have time to exercise since they both take a significant shorter 
amount of time to finish than other exercise programs. Time periods of 
completion, minus warm-up and cool-down, can be estimated by looking at the 
programs shown in Tables 2 & Table 3. Assuming all exercises without a 
designated time period in the circuit training program are completed in 
approximately 30 seconds, the total time period for one circuit is only 10.5 
minutes ( 60s+30s+30s+30s+30s+30s+30s+30s+30s+60s= 6 minutes exercise & 
9* 30s= 4.5 minutes rest; total exercise time= 6 minutes + 4.5 minutes= 10.5 
minutes). Using a rest period of 1:30 minutes between sets, 2 sets would take 
22.5 minutes, and 3 sets could be completed in 34.5 minutes. On the other hand, 
with periods of 1 minute for jogging and 30 seconds for sprinting, 6 cycles of HilT 
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could be completed in 8 minutes and 12 cycles of HilT could be completed in 17 
minutes-see Equation 1. 
Equation 1: 
= 
Total Exercise Time 
(S 
Number 
Of Sets 
X tsprint) + 
Sprinting time 
(S 
Number 
Of Sets 
X 
Jogging time 
If taken to an even greater intensity, such as the Tabata Protocol, which is 
20:10 high intensity to low intensity, a ten-cycle session of HilT could be 
completed in just under 5 minutes (Tabata, 1997). HilT is therefore more time 
efficient than circuit training, and furthermore, it renders the reason of a lack of 
time less convincing. 
Accessibility is an influencing factor related to time needed to exercise. 
Something that is highly accessible decreases the miscellaneous time spent 
preparing for exercise, allowing more work to be done in a shorter amount of 
time. For instance a major factor is transportation to an appropriate exercise 
environment. Circuit training is both good and bad for this reason. On the positive 
side, circuit training is very versatile in terms of the exercises that can be 
included in a program. It also can be done in a small amount of space, making it 
a plausible program to be completed within a trainer's home. For instance, all the 
exercises in the study by Harber et al. were completed with 2 machines (Harber 
et al. , 2004). Even without machines, a circuit can be designed with only body 
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weight exercises. If weights are desired for greater intensity though, the trainer 
has 2 options: 
1.) Put forth a large investment to buy the weights or equipment 
2.) Become a member of a fitness center to use their resources. 
A similar scenario is applicable to HilT. It can be performed anywhere, 
particularly if running is chosen as the method. In this case, the most important 
equipment required is a watch or stopwatch to time the intervals. However, a true 
HilT session requires the use of monitors to measure the V o2max or HRmax. A 
fitness club membership or personal purchase may also be required if other 
modes of cardia are desired, such as ellipticals. More research is needed in 
terms of which program has higher accessibility. 
Starting a fitness program is only part of the challenge; another challenge 
is adherence (Perri et al., 2002; McGannon & Mauws, 2002). Circuit training is 
generally safe, very routine, and a great way to ease de-conditioned persons into 
exercise (Humm, 2012). Once a program is designed, it is very easy to follow. In 
a thesis study by Tarin, circuit training lead to higher scores on the Physcial 
Activity Enjoyment Scale, PACES (Tarin, 2008). Furthermore, a study by Ahmed 
et al. found that body image was significantly improved after resistance training 
(Ahmed et al., 2002; Williams & Cash, 2001 ). Both an increase in self-esteem 
and increased enjoyment level are influencing factors in adherence, since the 
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more people like and feel as if they are benefiting from the exercise, the more 
reason they have to continue with it. 
Circuit weight training is also great for a feeling of self-efficacy because 
people can physically see the increase of weights used over time. Socially, circuit 
training is a great program because the different stations allow for multiple 
people to follow the same routine at one time, and partnering exercises may 
even be incorporated. Williams and Cash noticed that social physique anxiety 
was inversely related to "participants who were more socially motivated to lift 
weights (e.g. to meet new people and socialize with friends)" (Williams & Cash, 
2001 ). These positive reinforcements could be a result of positive interactions 
with other members of the fitness program leading to decreased self-
conciousness (Williams & Cash, 2001; Norvell & Belles, 1993). 
According to Stacie Humm, HilT is an excellent method of weight loss and 
compared to circuits, will burn more calories (Humm, 2012). In addition to seeing 
results as a positive stimulus for adherence, HilT offers many physical benefits 
as discussed above. A surprising finding by Tj0nna et al., was that the subjects in 
the interval training group had a better diet 3 months following the training 
program as compared to the other group that received an abundance of 
nutritional advice (Tj0nna et al., 2009). 
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HilT is great for athletes and people who regularly exercise as stated by 
McCall in an interview with Gerard: "(HilT) works best for fitness enthusiasts 
seeking a way to get improved results, break through a plateau or make training 
more productive" (Gerard, 2012). Despite the results, a HilT session, especially 
one following the Tabata protocol, is hard. McCall also claims that he would 
never see a new client again if he planned a session of Tabata for the first 
meeting, and Streit agreed by saying "the cool down would [consist of] lying on 
the floor" (Gerard, 2012). Hickson et al. experienced a similar attitude from their 
participants. When asked at the end of the study if anyone would like to continue, 
Hickson et al. almost received a unanimous refusal "for the reason that they 
found exercise of this frequency and intensity too tiring" (Hickson et al., 1977). 
While Tabata may not be appropriate for all groups, more research should be 
done on modifying HilT to a more reasonable intensity level, such as in the study 
by Tj0nna et al. (2009). For instance, the high intensity portion was dictated by 
the subjects' V o2max but the exercise performed could be either running or 
walking on an incline, which made it slightly easier for the overweight population 
(Tj0nna et al., 2009). 
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CONCLUSION 
Strong correlations have been made between exercise and health 
(Warburton et al., 2006). In an effort to promote exercise and a healthier lifestyle, 
two different training programs were discussed: Circuit training and HilT. One 
common complaint people have in regards to exercise programs is that they 
don't have any time for it (Godin, 1994 ). Both programs are ideal for today's 
society because the results are comparable to conventional aerobic or resistance 
training, and they can be completed in a shorter amount of time. 
A number of studies have been performed on the effects of circuit training 
and HilT individually, and each form of exercise corresponds to gains in 
cardiovascular and metabolic health. Many different types of groups have been 
studied (adolescent, middle-aged, sedentary, athletes) and the results vary. 
The greatest difference notable between circuit training and HilT is the 
change in metabolic activity. Both lead to an increase in metabolic activity, and 
thus, both training protocols result in a decrease in body fat-so both are good 
programs for those with weight loss as a primary aim. Nevertheless, in 
comparison, HilT appears to have a greater influence on metabolic enzyme 
activity since greater activity leads to more work being done and a greater net 
change (Harber et al. , 2004; Kiens et al., 1998; Talanian et al., 2007). 
50 
Cardiovascular responses to circuit training and HilT are also high. One of 
the most common measurements used was V o2max. The range for V o2max 
improvement, in percent, after HilT was wider. The wide range suggests the 
potential for more V o2max improvement, but data for an increase in V o2max 
between circuit training and HilT overlapped to a large degree. The values noted 
are too similar to draw conclusions as to if one is more beneficial than the other. 
Psychologically, circuit training may have more benefits. Circuit training 
involves going through multiple exercises in quick succession at a moderate 
intensity. It is less stressful on the body than HilT, which professionals 
recommend for it to be done only a few times a week (Humm, 2012; McCall, 
2009; Gerard, 2012). Moreover, circuit train ing allows for more social 
interactions. Circuits can be set up so that multiple people are completing the 
circuit at the same time by having each person starting out at a different station 
within the circuit, or circuits can incorporate partner exercises. Both circuit 
training and HilT however, lead to physical improvements and improved body 
images (Tarin, 2008; Humm, 2012; Tj0nna, 2009). 
In conclusion, an adequate comparison of the changes associated with 
circuit training and HilT and their consequences to population health cannot be 
made with the current available research. In some aspects, circuit training might 
the better program for the general population although HilT seems to be the 
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more desirable protocol for boosting metabolic activity. Further research with a 
more direct comparison is needed to determine which program should be used to 
give the best results in promoting population health. 
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